In order to investigate the relation between the infarcted area in myocardial infarction and the change of the QRS loop, the following method was tried.
following calculation with a digital computer. Then, the authors have compared the QRS loop in clinical cases and that in the construction method, and discussed the vectorcardiographic findings to determine the infarcted area with the QRS loop.
METHOD
In the construction method, the left and right ventricles including the ventricular septum were divided into 14 segements; the segments of the left and right sides in the ventricular septum (LS and RS), and the inferior and superior segments of the anterior, lateral, and posterior walls in both ventricles (Lai, Las, Lmi, Lms, Lpi, Lps, Rai, Ras, Rmi, Rms, Rpi, and Rps) as shown in Fig.1 .
The location of the ventricular septum was at 60 degrees in the horizontal plane. The ventricular depolarization time was 80 msec. Gauss' curve was used for the contribution of the depolarization process in each segment of the ventricles. The direction of the vector in each segment was assumed as shown with direction cosines in Table I . The maximal magnitude of each segment in the left ventricle was 3 times larger than that in the right ventricle. Those values were in-put into the computer of NEAC 2200-150 and after calculation, the QRS loops in the horizontal, left sigittal and frontal planes were drawn with the X-Y plotter. Thereafter, the vector of an optional segment which corresponded to the infarcted area was diminished to zero, and the QRS loops in 3 planes were drawn.
In clinical cases with myocardial infarction whose vectorcardiograms were recorded, typical cases were selected and compared to the QRS loop of the construction method.
Horizontal plane Sagittal plane Fig.2 -a were normal configurations in the authors' construction method.
2) Anterior infarction Assuming that the inferior segment of the anterior wall in the left ventricle was infarcted, the vector of Lai was diminished to zero. The horizontal QRS loop was initiated right-anteriorly, but the left anterior portion was dislocated more posteriorly than that of the normal QRS loop (Fig.2-b) .
When the vectors of Lai and Rai were zero due to myocardial infarction of the anterior wall in both ventricles, the initial QRS loop in the horizontal plane was directed right-anteriorly, but the efferent limb was dislocated leftposteriorly. When the vectors of Lai, Rai, LS, and RS were zero due to anteroseptal infarction, the whole QRS loop in the horizontal plane was dislocated left-posteriorly ( Fig.3-a) and similar to that in the clinical case of 3) Anterolateral infarction When the vectors of Lai, Las, and Lmi were zero due to anterolateral infarction, the horizontal QRS loop was initiated right-anteriorly and the efferent limb was located right-posteriorly. That QRS loop was similar to that in the clinical case of Fig.4-b. 4) Inferior infarction In clinical cases with inferior infarction, there was no significant difference of the horizontal QRS loop between before and after infarction. In the construction method, when the vector of Lpi was zero due to inferior infarction, the efferent limb of the frontal QRS loop was dislocated left-superiorly, but the configuration of the horizontal QRS loop was as same as that of the normal QRS loop (Fig.5-a) . Moreover, when the vector of Lps was zero due to the extension of the infarction, the afferent limb of the horizontal QRS loop was dislocated anteriorly (Fig.5-b) .
5) High posterior infarction
In clinical cases, the authors divided the configurations of the horizontal QRS loop into 2 types. The horizontal QRS loop in Type I was pushed from the posterior side and dislocated anteriorly (Fig.6-a) . That in Type II was pushed from the left-posterior side and located from left-anteriorly to rightposteriorly (Fig.6-b) . When the vector of Lps was zero due to localized infarction of the high posterior wall in the left ventricle, the posterior portion of the horizontal QRS loop was diminished (Fig.7-a) . When the vectors of Lps and Lms were zero due to high posterolateral infarction, the horizontal QRS loop was dislocated anteriorly and similar to that of Type I (Fig.7-b) . When the vectors of Lps, Lms and Lmi were zero, the horizontal QRS loop was dislocated more rightanteriorly with clockwise inscription and the initial QRS loop in the frontal plane was displaced superiorly (Fig.7-c) .
When the vector of Lms alone was zero, the left-posterior portion of the horizontal QRS loop was cut ( Fig.8-a ), but such a configuration of the QRS loop was often observed in normal cases. When the vectors of Lms and Lmi were zero, the horizontal QRS loop was dislocated from left-anteriorly to right-posteriorly (Fig.8-b) . When the vectors of Lms, Lmi, and Las were zero, the horizontal QRS loop was dislocated more right-anteriorly with inscription of Fig.8 , and similar to that of Type II (Fig.8-c ).
DISCUSSION
The abnormal Q wave in the electrocardiogram is useful in determining the location of myocardial infarction. Recently, it has been said that a decreasing amplitude of the R wave is also helpful to diagnose infarction. In the vectorcardiogram, the deformity or the dislocation of the QRS loop is a diagnostic sign of infarction. But, the vectorcardiographic criteria for diagnosing infarction are usually based on the abnormal Q wave in the electrocardiogram, because it is difficult to establish the criteria with a comparison between vectorcardiographic findings and autopsy. However, with this method, the vectorcardiogram cannot be more beneficial than the electrocardiogram.
In another method, a model of the QRS loop is constructed and compared to that in clinical cases. Toyoshima et al1) used their reconstruction method and discussed the reason of the dislocation of the QRS loop in myocardial infarction. Selvester2),3) reported the method with a digital computer and described the deformity of the QRS loop in small and large infarctions. Okajima and his coworkers4) made the model of the ventricle composed of a cluster of 3mm cubic blocks. In their study, a ventricular propagation process was simulated, and the QRS complex and vector loop were reconstructed Jap. HeartJ. M arch, 1976 with the digital computer HITAC 5020E. Kohno1) analyzed the reason of the abnormal Q wave in subendocardial infarction with that method. The authors' construction method is similar to Selvester's method, but the ventricular septum and free walls are different in location. The time history and the direction of the vector in each segment are also determined from the authors' standpoint. Regarding this method, there are many kinds of assumption with many problems. However, such problems are common in the construction method of a model, and the QRS loop similar to that in a normal case can be obtained with this method. Moreover, as the QRS loops in right and left ventricular hypertrophy and left anterior hemiblock could be simulated, this construction method is used in the present study.
In this method, the vector of one segment is diminished to zero, when the corresponding segment is infarcted. In anterior infarction, when the vector of the inferior segment of the anterior wall in the ventricle (Lai) is zero, the efferent limb of the horizontal QRS loop is dislocated slightly posteriorly, but remains in the left anterior quadrant. However, when the vectors of Lai and Rai are zero, the horizontal QRS loop is initiated right-anteriorly, but the efferent limb is dislocated left-posteriorly. Besides, when the vectors of the ventricular septum (LS and RS) are zero, the whole QRS loop in the horizontal plane is displaced left-posteriorly and is similar to that in a clinical case with anteroseptal infarction. Namely, the constructed QRS loop with a digital computer is coincident with the QRS loop in clinical cases. In antero-lateral and inferior infarction, it is also shown that both QRS loops are very similar to those in clinical cases. In the infarction of the inferior segment of the posterior wall in the left ventricle (Lpi), the efferent and afferent limbs of the frontal QRS loop are displaced superiorly, but no significant change is found in the horizontal QRS loop like the finding in a clinical case. However, when the infarcted area extends to the superior segment of the posterior wall (Lps), the posterior portion of the horizontal QRS loop is dislocated anteriorly, and such QRS loop is often observed in inferior infarction combined with so-called high posterior infarction.
In so-called high posterior infarction, the authors have distinguished 2 types depending on the location of the horizontal QRS loop. The horizontal QRS loop of Type I is located anteriorly. In the construction method, the QRS loop similar to that of Type I is obtained when the superior segments of the posterior and lateral walls in the left ventricle (Lps and Lma) are infarcted. On the other hand, the horizontal QRS loop of Type II is dislocated to left-anteriorly and right-posteriorly, and that QRS loop is obtained when the lateral wall in the left ventricle (Lms and Lmi) is mainly infarcted. When the superior segment of the anterior wall in the left ventricle (Las) is involved, the horizontal QRS loop is displaced more right anteriorly. Therefore, it can be said that the difference between Type I and Type II is depending on the infarcted area.
The authors have reported that there were 2 kinds of so-called periinfarction block. One was the left anterior or posterior hemiblock with myocardial infarction, the other a delayed excitation of the subepicardial side with subendocardial infarction. In anterior infarction, the afferent limb of the QRS loop in the former was dislocated left-anterosuperiorly and the direction of inscription of the horizontal QRS loop is a figure of eight or clockwise. The QRS loop in the former can be constructed with the authors' method. The afferent limb of the horizontal QRS loop is located left-anteriorly and that of the frontal QRS loop left-superiorly. Namely, that afferent limb in this method is similar to that in some clinical cases with anterior infarction. Therefore, it is supported that the left-anterosuperior dislocation of the afferent limb in cases with anterior infarction is caused by a delayed excitation of the upper area of infarction due to left anterior hemiblock.
Of course, it is necessary to compare the QRS loops in the construction method and in clinical cases with autopsy findings in a future study. However, as mentioned above, it is helpful in determining the area of myocardial infarction to analyze the deformity or the dislocation of the QRS loop with the authors' construction method.
